The literature on cognitive job demands across the lifespan is fragmented and lacking a coherent theoretical framework. This article presents a review of the theoretical approaches and empirical findings on how cognitive job demands relate to strain across the lifespan. We position the demands-strain relationship within the broader context of the selection, optimization and compensation model of self-regulation. Then, by integrating principles of developmental cognitive science with the job demands-resources model, we describe, distinguish, and classify 8 forms of cognitive demands (time pressure, role ambiguity, choice-based role conflict, solution-based role conflict, creative problem-solving, complex problem-solving, vigilance, and awareness) according to whether they rely primarily on fluid cognitive abilities or on crystallized cognitive abilities, which each show systematic trajectories of growth and decline across the lifespan. This classification helps to explain why studies detect disparate effects of age in the relationship between cognitive demands and strain and provides a much needed theoretical integration of age differences in the effects of common cognitive demands at work.
The labor force participation of older workers is of growing concern to organizations and governments as population structures continue to age across the globe (Auer & Fortuny, 2000; Bijak, Kupiszewka, Kupiszewski, Saczuk, & Kicinger, 2007; Kulik, Ryan, Harper, & George, 2014) . In the context of a growing need to retain and engage older workers, there has been increasing interest in how workers adapt to biological, psychological, and social changes over the lifespan (e.g., Charles, 2010; Salthouse, 2012; Scheibe & Zacher, 2013) . Of particular interest is how workers continue to manage the demands of their jobs in light of these developmental changes (Rauschenbach, Krumm, Theilgen, & Hertel, 2013; Scheibe & Zacher, 2013) . Job demands are the aspects of work that require sustained physical or psychological effort (Demerouti, Bakker, Nachreinere, & Schaufeli, 2001) . Understanding age differences in the effects of job demands is important as this has implications for how individuals manage strain over the lifespan.
Strain, referring to the physiological and psychological costs associated with job demands (Hurrell, Nelson, & Simmons, 1998) , can have far-reaching consequences, leading older workers to withdraw from the workforce completely (e.g., Olesen, Butterworth, & Rodgers, 2012; Rice, Lang, Henley, & Melzer, 2011; Wang & Shultz, 2010; Wang, Zhan, Liu, & Shultz, 2008) . Workplace strain also has significant financial implications. The annual cost of strain-induced early retirement in Denmark alone is estimated to be as much as $1.4 billion USD (Hassard, Teoh, Cox, & Dewe, 2014) . Strain and associated health problems also pose considerable costs in terms of health care, presenteeism and absenteeism, disability, and reduced productivity (Hassard et al., 2014) . As such, there is growing impetus to understand how older workers navigate and deal with job demands which have significant managerial, organizational, and economic implications.
To explain how the demand-strain relationship varies over the lifespan, we must first unpack how coping with demands is influenced by the developmental processes that occur with age. Chronological age reflects numerous developmental changes, both positive and negative, in a variety of domains such as cognition (Kanfer & Ackerman, 2004; Salthouse, 2012) , physical ability (Kenny, Yardley, Mantineau, & Jay, 2008) , personality (Roberts, Walton & Viechtbauer, 2006) , and social and emotional processes (Charles, 2010; Charles & Carstensen, 2010) . Accordingly, age differences in the strain process may depend on the type of demands faced by workers Rauschenbach et al., 2013; Scheibe & Zacher, 2013) . For example, older workers are less reactive to interpersonal demands-as opposed to task demands-owing to improved emotion regulation with age (Scheibe & Zacher, 2013) . However, this advantage is thought to attenuate when the emotional load is very high (Charles, 2010) . The opposite pattern emerges in physically demanding jobs, where older workers experience more strain due to their physical decline. These patterns are consistent with meta-analytic evidence, indicating a positive relationship between age and strain in physical jobs, and an inverse U-shape in social jobs . As such, age differences in the demand-strain relationship seem to be contingent on the domain of the job demand.
However, not all domains of job demands have received commensurate attention. Much of the existing work has focused on the physical and emotional demands placed on older workers (e.g., Rauschenbach et al., 2013; Scheibe, Stamov-Roßnagel, & Zacher, 2015; Scheibe & Zacher, 2013) . In contrast, age differences in the effects of cognitive job demands are less well understood. Cognitive demands refer to the extent that accomplishing tasks or coordinating task burdens require sustained mental effort and capture the processing, decisionmaking and learning requirements of work (Demerouti et al., 2001; Mikkelsen, Øgaard, & Landsbergis, 2005) . This article focuses on cognitive demands, inherent in knowledge-based jobs (jobs primarily concerned with the acquisition, distribution, creation or application of knowledge; Davenport, 2005; Sørensen & Holman, 2014) , for two reasons. Firstly, knowledge-based jobs represent an area of work in which prolonging the working life of older adults may be more readily achieved. Age-related changes in physical and cognitive abilities suggest that older workers are better suited to jobs characterized by less physical demands and more cognitive demands (Ilmarinen, 2001; Johnson, Mermin, & Resseger, 2007) . This is reflected in the higher rates of early retirement among blue-collar workers and those in more physically demanding industries compared to white-collar workers and those in service and trade industries (for review see Mitchell, Levine, & Pozzebon, 1988) . Secondly, knowledge-based jobs constitute a substantial portion of the work undertaken in developed economies. While jobs involving physical demands have declined, jobs requiring high cognitive abilities have grown substantially, particularly among older workers (e.g., Johnson et al., 2007) . Knowledge-intensive work now accounts for 25-34% of the workforce in countries such as the United States, United Kingdom, Canada, and Denmark (Davenport, 2005; Sørensen & Holman, 2014) and increasing automation suggests this trend is likely to continue.
Despite workforces becoming increasingly older, and work increasingly knowledge-intensive, our understanding of age differences in the effects of cognitive demands remains limited. The literature on age and cognitive job demands is sparse and fragmented. The literature is marked by both (a) diverse predictions, and (b) mixed results regarding age differences in the experience of strain as a result of cognitive job demands (e.g., Besen, Matz-Costa, James, & Pitt-Catsouphes, 2015; Bouville, Russo, & Truxillo, 2018; De Lange et al., 2006; Haley, Mostert, & Els, 2013; Korunka, Kubicek, Schaufeli, & Hoonakker, 2009; Mayes, Barton, & Ganster, 1991; Perrewé & Anthony, 1990; Schreurs, Van den Broeck, Notelaers, van der Heijden, & De Witte, 2012; Turnipseed, 1994) . For example, while some studies predict older workers will experience more strain (Bouville et al., 2018; Mayes et al., 1991; Schreurs et al., 2012) , others predict they will experience less (Korunka et al., 2009) , simply predict age differences (Turnipseed, 1994) , predict no age differences (Besen et al., 2015; Haley et al., 2013) , or make no specific predictions at all (De Lange et al., 2006; Perrewé & Anthony, 1990) . The diversity of predictions in this literature suggests that a cohesive theoretical framework of cognitive demands across the lifespan is lacking.
Results from these studies are also inconsistent, with some detecting age differences in vulnerability to cognitive demands (Bouville et al., 2018; De Lange et al., 2006; Haley et al., 2013; Mayes et al., 1991; Schreurs et al., 2012) and others not (Besen et al., 2015; Korunka et al., 2009; Perrewé & Anthony, 1990; Turnipseed, 1994) .
The interpretation of results is further complicated by potential confounding of cognitive demands with physical demands in samples of blue-collar workers (Besen et al., 2015; Korunka et al., 2009; Perrewé & Anthony, 1990) and by insufficient statistical power to detect stable moderating effects in some studies (Perrewé & Anthony, 1990, n = 47; Turnipseed, 1994, n = 115) . Interestingly, high-powered studies report that age differences in the cognitive demand-strain relationship depend on the type of cognitive demand (e.g., Mayes et al., 1991) , yet existing theoretical explanations do not account for the heterogeneity in cognitive demands that people experience in the workplace.
The inconsistent predictions and results in the age and cognitive demands literature may point to patterns of cognitive development across the lifespan as being more complex and multifaceted than developmental changes in other domains. Specifically, age is associated with systematic gains and losses in different classes of cognitive abilities (Craik & Bialystok, 2006; Kanfer & Ackerman, 2004) which complicates efforts to detect stable and consistent age differences. As age-related changes in cognitive abilities may compensate each other , the use of general job demands measures, capturing total effort or workload (e.g., Korunka et al., 2009) , in the extant literature may further impede detection of age differences. As such, we propose that age differences in the strain process occur with respect to specific cognitive demands, rather than cognitive demands in general. Moreover, as we discuss in the subsequent section, cognitive demands vary in whether they utilize cognitive abilities that enhance or diminish with age. Though some studies have utilized measures of specific demands (e.g., Mayes et al., 1991) , hypotheses were guided by age-related decline in physical and cognitive abilities more generally which does not account for observed heterogeneity in the effects of age on specific demand-strain relationships. Our review therefore contributes to the literature by accounting for changes in cognitive abilities as well as heterogeneity in the types of cognitive demands across the lifespan.
Specifically, we review the literature on cognitive demands across the lifespan and develop a set of propositions for how cognitive demands relate to strain among older and younger workers. These propositions are informed by the systematic developmental changes in cognitive abilities that occur over the lifespan. We integrate the developmental cognitive science literature on age-related cognitive changes into a wider framework of workplace strain using the health impairment process from the job demands and resources model ( JD-R model; Bakker & Demerouti, 2017) . We further clarify the role of the work strain process in the broader self-regulation literature to bring greater clarity to the literature on aging and workplace strain. In doing so, this article aims to provide a coherent theoretical explanation of age differences in the strain process that accounts for the inconsistencies found in the existing literature and to develop novel propositions for how age may determine the effects of specific cognitive demands.
J OB DE M A NDS, STR A IN, A ND THE CON TE X T OF LIFE S PA N CO GNITIVE DE VELOPM EN T

The Job Demands and Strain Relationship
To examine the variation in demand-strain relationships over the lifespan, we adopt the health impairment process of the JD-R model. The health impairment process describes how high job demands deplete the mental and physical resource of workers resulting in strain (Bakker & Demerouti, 2017; Bakker & Demerouti, 2007; Demerouti et al., 2001) . When job demands are high, individuals increase effort to compensate and maintain performance, which in turn leads to strain (Bakker & Demerouti, 2007; Demerouti et al., 2001) . Strain, as the psychological and physiological reactions to stressors, subsumes a variety of responses including anxiety and depression, psychological distress, burnout, stress hormone levels, cardiovascular responses, and immunological functioning (Hurrell et al., 1998) . In the long term, use of such compensatory strategies and subsequent strain can lead to negative organizational and behavioral outcomes such as absenteeism and turnover (Bakker & Demerouti, 2007; Schaufeli & Bakker, 2004; Schaufeli, Bakker & Van Rhenen, 2009; Swider & Zimmerman, 2010) . Parallel to the health impairment process is the motivation process in which resources directly foster motivation and engagement (Bakker & Demerouti, 2007) . Though the motivation process is beyond the scope of this review though, we note that resources may buffer the effects of job demands on strain outcomes.
The health impairment process is well supported by empirical research with respect to a wide variety of strain measures. Specifically, job demands are associated with measures of perceived ill health (Schreurs, Van Emmerik, Cupyer, Notelaers, & De Witte, 2011) , burnout (Lee & Ashforth, 1996; Schaufeli & Bakker, 2004) , poor psychological well-being (Besen et al., 2015; Johnson et al., 1995; Lang, Thomas, Bliese, & Adler, 2007) , major depressive and generalized anxiety disorders (Melchior et al., 2007) , stress (Shultz, Wang, & Olson, 2010a) , musculoskeletal symptoms (Bongers, De Winter, Kompier, & Hildebrandt, 1993) , coronary heart disease (Karasek, Baker, Marker, Ahlbom, & Theorell, 1981) , and physical strain (Lang et al., 2007) . In sum, stressful job demands can be a major psychological and physiological hazard.
Before we introduce the context of cognitive development over the lifespan, we first situate the job demands-strain relationship, which is the focus of this review, in the broader self-regulation process as captured by the selection, optimization and compensation (SOC) model. We then describe the cognitive changes that occur over the lifespan and that are likely to influence the demands-strain relationship.
Selection, Optimization and Compensation
The SOC model describes how changes in resources over the lifespan motivate individuals to optimize coping by selecting tasks and compensating for losses (Baltes, 1997; Zaniboni, Truxillo, & Fraccaroli, 2013) . The application of the SOC model in the workplace stress literature has revealed a complex process of adaptation (for review see Moghimi, Zacher, Scheibe, & Yperen, 2017) , with SOC playing a variety of roles in the strain process. To bring further clarity to the literature on aging and workplace stress, and to situate our approach into the wider framework of demands, strain, and self-regulation, we summarize the relationships and relevant findings in Figure 1 .
The relationship between job demands and SOC strategy use (Path A) appears to be bi-directional, with some authors arguing that SOC is a tool to combat high job demands (e.g., Philipp & Kunter, 2013; Schmitt, Zacher, & Frese, 2012) , and others that SOC is used proactively to adjust the work environment to better fit with one's abilities thereby reducing job demands (e.g., Kooij, Tims, & Kanfer, 2015) . The former conceptualization suggests a short-term, improvised approach where workers mobilize resources to deal with demands as they are encountered and is consistent with the JD-R approach (Demerouti et al., 2001) . The latter suggests a more long-term, deliberate approach where workers improve coping by approaching, avoiding or changing tasks to suit available resources (Baltes, 1997; Zaniboni et al., 2013) . Findings too, point to a complex relationship with job demands being positively (Abraham & Hansson, 1995; Riedel, Müller, & Ebener, 2015) , negatively (Baltes & Heydens-Gahir, 2003; Müller, Weigl, Heiden, Herbig, Glaser, & Angerer, 2013a; Riedel et al., 2015; Young, Baltes, & Pratt, 2007) , or unrelated Schmitt et al., 2012) to SOC strategy use.
The relationship between SOC and strain outcomes (Path B) also appears to be bi-directional. On the one hand, SOC reduces the experience of job strain with findings of time-lagged effects of SOC on irritation (Müller et al., 2013a) and depressive symptoms (Müller, Weigl, Heiden, Rudolph, & Angerer, 2017) . On the other hand, the experience of strain depletes the resources available for coping and thus one's ability to implement SOC. SOC use is, in itself, resource intensive (Riediger, Li, & Lindenberger, 2006) , being both higher among resource-rich individuals, compared to resource-poor individuals (Baltes & Lang, 1997; Lang, Rieckmann, & Baltes, 2002) , and positively related to job resources (Path C) (e.g., Müller et al., , 2013a Müller, Weigl, Heiden, Glaser, & Angerer, 2012; Weigl, Müller, Hornung, Leidenberger, & Heiden, 2014; Young et al., 2007) . Findings that daily SOC use was unrelated to end of day fatigue, but that correlation between the aggregate variables was negative (Schmitt et al., 2012) , further suggest that use of SOC in itself may not immediately reduce strain, but that less-strained individuals engaged in more SOC overall. Taken together, the literature suggests that use of SOC strategies takes time to have an effect on job strain but, in the shortterm, coping with job demands necessitates an immediate outlay of resources.
The relationship between age and use of SOC strategies (Path D) is complicated by findings of several patterns of correlation. Studies show that the relationship is positive (e.g., Müller et al., 2013b; Young et al., 2007) , negative (e.g., , non-significant (e.g., Abraham & Hansson, 1995) , or varied by component (e.g., . Some authors find that use of domain-specific SOC strategies increases with age while general SOC use remains stable (Müller et al., 2013a) ; while others find a U-shaped relationship between age and each of the SOC components (Philipp & Kunter, 2013) . Overall, meta-analysis suggests a positive, but very weak, correlation between age and SOC use (Moghimi et al., 2017) . However, studies also find that older individuals prefer tasks that allow for counteracting losses, while younger individuals prefer tasks that allow for optimizing performance (Freund, 2006) but that the effectiveness of SOC strategies is not moderated by age (Weigl, Müller, Hornung, Zacher, & Angerer, 2013) . This may suggest that use of SOC is determined by task characteristics, rather than the individual, and as such, is relatively stable over the lifespan, but that preference for certain strategies changes with age.
Use of SOC strategies generally (Schmitt et al., 2012) , and the expenditure of effort specifically (Riedel et al., 2015) , have been found to buffer the effects of job demands on strain (Path E). That individuals increase effort to cope with high job demands is consistent with the JD-R approach (Demerouti et al., 2001) . What is relevant to the experience of strain, however, is whether demands are successfully met through this increased effort. If the investment of resources, such as effort, is successful in meeting demands, the individual will gain additional resources (e.g., a sense of personal accomplishment or formal recognition; Lepine, Podsakoff, & Lepine, 2005) . If demands are not successfully met through increased effort, the individual will not receive these benefits and will have fewer resources available for future coping leading to burnout and strain (Hobfoll, 2002) . As such, the degree to which one's expended effort is likely to resolve demands in the short-term has important implications for one's long-term adaptability.
Similarly, the use of certain SOC strategies may also buffer the effects of strain on behavioral outcomes such as performance (Path F). Demerouti, Bakker, and Bulters (2014) found that compensation strategies reduced the negative effects of burnout on both task performance and extra-role performance. In contrast, use of loss-based selection enhanced the negative effects of strain on extra-role performance. The authors conclude that the use of compensation strategies is one of the ways individuals can maintain performance despite shortfalls in resources. However, the authors also note that the use of compensation strategies, particularly increasing effort, may also lead to greater strain. This suggests that while performance may be maintained through compensation strategies (i.e., increased effort) in the face of strain, the act of doing so may increase strain itself as the use of such strategies is resource intensive.
The findings from the SOC and strain literatures indicate both adaptive and reactive functions of SOC in the management of strain. On the one hand, SOC can be used to shape the demands encountered in one's environment and accumulate resources (i.e., optimization) for future coping. On the other hand, SOC strategies can be utilized in response to environmental demands and compensate for lost resources (i.e., compensation), though this may come at the expense of greater strain. In this article, we review the literature on how age interacts with cognitive demands once encountered (the shaded area of Figure 1 ). It is important to understand this relationship because successful resolution or management of these demands begets resources for further investment in shaping the work environment (Hobfoll, 2002) , while poor outcomes will reduce resources available for future use of SOC strategies (Riediger et al., 2006) . The initial experience of demands (and strain arising from these demands) is also likely to be the main impetus for the use of SOC strategies. Therefore, it is important to understand how lifespan-relevant cognitive changes affect the experience of demand-induced strain.
Cognitive Development Over the Lifespan
From a cognitive standpoint, there are two broad patterns of shifts in abilities corresponding to two distinct ensembles of cognitive, conative, and regulatory capacities: cognitive pragmatics (henceforth referred to as "crystallized abilities") and cognitive mechanics (henceforth referred to as "fluid abilities") (Craik & Bialystok, 2006) . First, as people age, they show an increase in crystallized abilities: the ensemble of abilities associated with people's understanding of their environment and context, particularly crystallized intelligence (accumulated knowledge spanning across procedural, technical, job-related, and experiential knowledge; Cattell, 1963; Kanfer & Ackerman, 2004) , preference for and facility with bottom-up intuitive reasoning (Mata, Schooler, & Rieskamp, 2007) , and efficient environment scanning and search (Lindenberger & Mayr, 2014) . Second, as people age, they Figure 1 . The role of the work strain process in the broader process of self-regulation. The theorizing in this manuscript relates to the relationship between age and the strain process.
show a decrease in fluid abilities: the ensemble of abilities associated with top-down control and executive functions enabling people to adapt to novel situations or challenges, particularly fluid intelligence (working memory, processing speed, inductive reasoning, and novel information processing; Cattell, 1963; Kanfer & Ackerman, 2004) , internally guided self-regulation (Amer, Campbell, & Hasher, 2016; von Hippel & Henry, 2011) , and selective, narrow attention (Gazzaley & Nobre, 2012; Maillet & Schachter, 2016) . Crystallized abilities and fluid abilities each encapsulate a distinct set of cognitive and self-regulatory capacities that serve as means toward performing complex cognitive tasks.
Substantial evidence exists that both crystallized abilities and fluid abilities change over the course of one's life (Craik & Bialystok, 2006; Salthouse, 2012) . As people grow old, their crystallized abilities are sharpened through accumulated experience with the world, while their fluid abilities are dulled through changes in the senescent brain, such as declines in prefrontal cortex activation and functional connectivity (Li, Lindenberger, & Sikstrom, 2001; Lindenberger, 2014) . Accordingly, these cognitive ensembles peak at different ages as demonstrated by visible performance differences in tasks requiring different cognitive abilities. For example, performance in tasks requiring the use of fluid abilities (i.e., working memory) peaks at age 20, declines slowly over the next two decades, then drops off dramatically past age 40; on the other hand, performance on tasks using "learned knowledge" rises steadily through adulthood, peaking at age 50, then dropping off slowly thereafter (Hartshorne & Germine, 2015) . Indeed, fluid intelligence generally declines after early adulthood, whereas crystallized intelligence continues increasing well into middle-age (Ackerman, 2000; Lindenberger, 2014; Salthouse, 2012) . Though these are primarily within-person differences, older workers possess greater crystallized abilities on average than younger workers, while younger workers possess greater fluid abilities on average than older workers (Horn & Cattell, 1967) .
Although age differences in cognitive abilities appear to be robust, studies in real-world settings reveal little systematic association between age and everyday functioning (see Salthouse, 2012 for a review). Similarly, minimal age differences have been detected in job performance, despite its well-established association with cognitive ability (Fisher, Chaffee, Tetrick, Davalos, & Potter 2017) . One explanation is that experience buffers against cognitive decline (e.g., Fisher et al., 2017; Salthouse, 2012) . This buffering effect would account for failure to detect performance differences at the job level. Recent criticisms, however, suggest that age differences are task-specific (StamovRoßnagel & Biemann, 2012) . Experience may enhance performance on certain tasks while having negligible or even detrimental effects on the performance of other tasks. This would also mask age effects at the job level. Additionally, older workers exert greater (i.e., compensatory) effort to maintain performance as they age. For instance, older adults have been found to exert greater effort-as measured by systolic blood pressure-to achieve similar levels of performance as younger adults on certain cognitively demanding tasks (Ennis, Hess & Smith, 2013; Hess & Ennis, 2012) . This heightened effort is associated with increased physiological and psychological costs, resulting in greater strain. Therefore, although performance may be maintained, especially at the job level, strain is expected to vary as a function of age and specific cognitive job demands.
In summary, a key conclusion from the lifespan cognitive development literature is that people show two systematic patterns of cognitive change with age: (a) an increase in their crystallized abilities (capacities linked to cognitive pragmatics); and (b) a decrease in their fluid abilities (capacities linked to cognitive mechanics). Employees are best equipped to deal with cognitive job demands when they have the relevant cognitive abilities. Hence, there must be a fit between the employee's specific abilities and the specific demand. The systematic patterns of gain and loss in cognitive abilities across the lifespan (Baltes & Baltes, 1990 ) mean that as people age they become better equipped to face certain demands, but less well-equipped to face other demands. Some cognitive demands better fit the configuration of abilities typically available to younger workers (high fluid, low crystallized), while other cognitive demands better fit the configuration of abilities typically available to older workers (high crystallized, low fluid). Strain occurs when employees face demands that do not fit their configurations of abilities. Figure 2 offers a summary of these relationships.
Since cognitive demands are heterogeneous, there is a need to assess which types of cognitive demands require which configurations of cognitive abilities. Hence, in this article, we describe, distinguish, and classify eight forms of cognitive demands (time pressure, role ambiguity, choice-based role conflict, solution-based role conflict, creative problem-solving, complex problem-solving, vigilance, and awareness). We then specify the primary cognitive functions required and assess the fit between each form of cognitive demand and the corresponding patterns of cognitive abilities typically available to older workers and younger workers, respectively. These assessments of resource-demand fit across the lifespan are then codified into a series of propositions about age differences in reactions to cognitive demands.
Before we review the specific job demands and aging effects, we wish to clarify the scope and the focus of our work. First, note that we are dealing with two voluminous literatures: the stress literature and the developmental cognitive science literature. It is beyond the scope of this review article to exhaustively review both literatures. We review the stress literature from the JD-R tradition (e.g., Demerouti et al., 2001) and inform the role of age as a moderator in the cognitive demandsstrain relationship by translating insights from the developmental cognitive science literature (e.g., Amer et al., 2016; Cattell, 1963; Craik & Bialystok, 2006; Lindenberger & Mayr, 2014; Mata et al., 2007; Salthouse, 2012) . Our aim is to develop testable propositions-which are at times provocative-with the intention of stimulating further theorizing and empirical research in this important domain.
Second, we wish to clarify our approach to the role of cognitive abilities in coping with cognitive job demands. Cognitive abilities and their usage provide two broad forms of coping with the older worker: a proactive form of coping and a reactive form of coping. In the proactive form of coping, the person -in response to changing cognitive abilities-improves coping by approaching, avoiding, or changing tasks to suit available abilities. This approach is taken in the SOC literature which describes how age-related changes motivate individuals to proactively adjust their work environments to better align with their configuration of resources (Baltes, 1997; Kooij et al., 2015) . In the reactive form of coping, individuals rely on their cognitive abilities to deal with the demand when it is encountered at work; if the demand overwhelms these abilities, the demand is stressful and may lead to strain. This reactive form of coping is the dominant approach in the stress literature (particularly involving the demand-control and JD-R traditions) in which resources are considered as moderators in the demand-strain relationship. In this view, cognitive abilities are important in determining whether the mobilization of effort to maintain performance in the face of high job demands is successful. If not, these increased compensatory efforts will undermine the mental and physical resources of the individual resulting in greater strain. Our literature review and theoretical propositions belong to this second form of coping.
The third clarification we wish to make is about the relative importance of fluid and crystallized abilities in cognitive demands and the resulting age-related effects. While we emphasize the role of fluid in some-and crystallized in other-demands, we acknowledge that a base level of fluid abilities is relevant to all cognitive demands. Fluid abilities include basic and vital cognitive functions such as inductive reasoning, executive control, and processing speed; some level of fluid abilities is needed for all cognitive demands. If an employee suffers an extreme decline in fluid abilities (due to dementia or traumatic brain injury, for example), coping with any cognitive demand will suffer.
Finally, we wish to clarify what is meant by the terms "older" and "younger" workers. Consistent with past research on age differences in the demand-strain relationship (e.g. Besen et al., 2015; Shultz, Wang, Crimmins, & Fisher, 2010b) and theorizing on age differences in the effects of work characteristics more generally (Truxillo, Cadiz, Rineer, Zaniboni, & Fraccaroli, 2012) we do not define an age limit for what is considered an "older" or "younger" worker. Firstly, the existing literature on aging does not provide a clear definition of what is meant by "older" worker (Ng & Feldman, 2015) . For example, while lifespan theorists view "older" as 65 and over, in the work context, 40 to 50 is considered "older" . Others point to the multiple ways "older" worker may be defined based on the age at which anti-discrimination laws come into effect (40), middle age (50), and retirement age (60; Mayes et al., 1991) . Secondly, as aging is a continuous process, the effects of aging are ongoing and are therefore not readily demarcated by a specific level of age (Ng & Feldman, 2015) . Thus, although research provides some guidance as to the age ranges over which certain abilities peak (e.g. Hartshorne & Germine, 2015; Kanfer & Ackerman, 2004) , there is considerable heterogeneity between individuals. We therefore talk about "older" and "younger" workers as broad categories capturing the ensembles of cognitive abilities typically available to each.
In the following sections, we review research examining the relationship between specific cognitive job demands and strain andwhere available-age differences in this relationship. Time pressure, role ambiguity and role conflict are typical cognitive demands examined in JD-R research (Albrecht, 2015) . Recently, there have been calls for research into additional demands-namely, problem-solving demands and information processing demands (i.e., information monitoring and analysis; Albrecht, 2015) . We therefore review the extant literature pertaining to these key cognitive demands; time pressure, role ambiguity, role conflict, problem-solving demands, and monitoring demands. Where demands take on multiple forms, we propose sub-classifications and relate these to corresponding primary cognitive abilities. In total, we describe, distinguish, and classify eight forms of cognitive demands: time pressure; role ambiguity; choice-based role conflict; solution-based role conflict; creative problem-solving; complex problem-solving; vigilance; and awareness. These sub-classifications allow for specific propositions regarding how that demand relates to strain over the adult lifespan. The review for each cognitive demand is structured as follows. First, we summarize the definitions and operationalizations used in the literature. We highlight any inconsistencies, provide clarification, and suggest ways to bring greater consistency in Figure 2 . Model of how combinations of cognitive abilities change over the lifespan and how these abilities interact with specific cognitive demands to produce strain. future research. Second, we review past findings relating to age differences in how that cognitive demand relates to strain. Third, to develop theoretical insights into aging and cognitive job demands, we classify each job demand according to its primary cognitive resource requirement (fluid or crystallized). We conclude the article by discussing the theoretical and practical implications of the proposed framework, as well as directions for future research.
LITER AT UR E R E VIE W A ND PROPOS ITIONS FOR S PECIFIC J OB DE M A NDS
Time Pressure Definition and operationalization
Time pressure refers to the degree to which individuals perceive their role requirements as overwhelming relative to the time available for meeting the requirements ( Jones, Chonko, Rangarajan, & Roberts, 2007) . Time pressure is at times confused with "role overload," which is typically defined in two ways: (a) as having too little time to fulfill the requirements of multiple roles (Coverman, 1989) or multiple role senders (Kahn, Wolfe, Quinn, Snoek, & Rosenthal, 1964) ; and (b) as the perception that one lacks the necessary capabilities and resources to achieve role demands (Brown, Jones, & Leigh, 2005) . In this article, we emphasize time pressure rather than role overload because the latter is broad enough to subsume a variety of stress experiences and because measures of job demands in stress research are frequently operationalized in terms of time pressure (Van der Doef & Maes, 1999) . Accordingly, we adopt the narrower definition of time pressure as the extent to which employees perceive insufficient time for completing work tasks, tight deadlines, or as the felt need to work at an abnormally fast pace (Ohly & Fritz, 2010) .
Past findings
Time pressure is generally positively associated with employee strain. Several studies have found time pressure to be positively associated with psychological strain ( Jex, Bliese, Buzzell, & Primeau, 2001; Widmer, Semmer, Kälin, Jacobshagen, & Meier, 2012) , depression (Roxburgh, 2004) , stress (Shultz et al., 2010a; Shultz et al., 2010b) , emotional exhaustion (Dollard, Winefield, Winefield, & de Jonge, 2000; Schaufeli & Bakker, 2004; Skaalvik & Skaalvik, 2010; Teuchmann, Totterdell, & Parker, 1999) , musculoskeletal disease (Bongers et al., 1993) , and negatively associated with mental health (Besen et al., 2015; Chang et al., 2006) and measures of physical wellbeing (Cooke & Rousseau, 1984; Lambert, Lambert, & Ito, 2004) . Thus, the negative effects of time pressure on employee strain appear well supported. Only one study, to the knowledge of these authors, has examined age differences in the effects of time pressure, though no age differences were found in its effects on mental health (Besen et al., 2015) . However, age differences may have been masked as study participants held a variety of occupations, including those in more physically demanding industries. Developmental declines in physical abilities may counter the advantages of crystallized abilities when using mixed samples of blue and white collar workers, impeding the detection of stable age differences.
Cognitive resource requirements
Time pressure, in requiring employees to work at a fast pace, will require some fluid abilities (Cattell, 1963) ; however, by impeding novel information processing and encouraging reliance on existing knowledge, time pressure is expect to rely more on the use of crystallized abilities. Both rapid cognitive processing and fast reaction time have been shown to decline with age, especially when a number of processing steps are involved (Warr, 1993) . However, age-based performance decrements on speeded processing tasks decline as involvement of existing knowledge increases which suggests that processing requirements are reduced when information is familiar (Salthouse, 1996) . For tasks that are routinely encountered in one's job, time pressure should benefit more from crystallized, as opposed to fluid, abilities. Several studies demonstrate that individuals tend to rely on prior knowledge and experience when opportunities to examine and integrate new information are limited by time constraints (Betsch, Brinkmann, Fiedler, & Breining, 1999; Betsch, Fiedler, & Brinkmann, 1998) . In these laboratory studies, time-constrained individuals continued to implement past, well-learned responses, even when conditions suggested that such responses were no longer appropriate. An expansive knowledge base facilitates rapid and accurate responses as individuals are able to reflexively recognize patterns and select appropriate actions (see Klein & Hoffman, 1992; Larkin, McDermott, Simon, & Simon, 1980) . Highly experienced individuals are reported to use preexisting knowledge structures to recognize and sort problem types, as well as process disorganized information (Day & Lord, 1992) . By classifying problems based on familiarity, experienced individuals are able to use more efficient search strategies to facilitate rapid recognition and response (Day & Lord, 1992) . Therefore, though time pressure restricts the ability to process new information, an expansive body of knowledge will facilitate faster comprehension of this information through pattern recognition.
Older workers, who possess greater crystallized intelligence in the form of an expansive knowledge base, may be better able to rapidly extract relevant information and apply more accurate solutions. In support, laboratory findings suggest that old-age disadvantages related to speeddependent processing requirements are lessened when individuals can use existing knowledge (Salthouse, 1984 (Salthouse, , 1996 . Beyond laboratory studies, older, more experienced workers-relative to younger, less experienced workers-perform better in speed-oriented jobs (Giniger, Dispenzieri, & Eisenberg, 1983 ). An important caveat to the preceding argument is the relevance of existing knowledge to performance. For example, the performance of older workers on learning tasks (i.e., tasks that are somewhat novel) suffers under conditions of time pressure (Czaja, Sharit, Ownby, Roth, & Nair, 2001; Fisher et al., 2017) . We expect, however, that existing knowledge is relevant to performance for most tasks encountered at work. Therefore, we propose that older workers will experience less strain when dealing with time constraints because they possess greater crystallized abilities from which to access and apply relevant information more rapidly. Conversely, younger workers, possessing limited knowledge from which to readily select appropriate responses, and without the opportunity to attend to and integrate available information owing to time constraints, will experience greater strain. 
Role Ambiguity Definition and operationalization
Role ambiguity refers to a person's perception that they do not have sufficient information about the nature of their roles, how they might fulfill their roles, or the consequences of fulfilling their roles (Kahn et al., 1964; van Sell, Brief, & Schuler, 1981) . Role ambiguity may arise either because the necessary information does not exist, or because the existing information has been poorly communicated by role senders (Kahn et al., 1964) . Existing measures of role ambiguity, however, tend not to distinguish between these two sources.
Past findings
Role ambiguity has mainly been found to have a negative impact on measures of employee well-being. Meta-analytic results indicate that role ambiguity is significantly and positively associated with emotional exhaustion (r = .21, Lee & Ashforth, 1996) and psychological strain (r = .47, Jackson & Schuler, 1985) . Mayes and colleagues (1991) observed that role ambiguity was associated with higher levels of adrenaline yet also negatively correlated with physical health symptoms, and that this relationship was stronger for older workers. The authors interpret these findings as evidence that role ambiguity may be viewed as an opportunity for autonomy, and that the observed increase in adrenaline may indicate an increase in positive emotion associated with that opportunity.
Cognitive ability requirements
Role ambiguity benefits from crystallized abilities as one's accumulated knowledge can compensate for the absence of sufficient role information. Employees' accumulated experiential knowledge provides a guide of acceptable, legitimate behaviors that allow individuals to impose structure and evaluate behavior (Ashforth & Fried, 1988) . In this respect, role ambiguity may rely more on crystallized abilities to "fill in the blanks" by imposing existing knowledge on available information. Similarly, findings suggest that when facing incomplete information, decision-makers primarily rely on use of "assumptionbased reasoning"-requiring the use of mental models (Lipshitz, Omodei, McClellan, & Wearing, 2007; Lipshitz & Strauss, 1997) which is assumed to benefit more from greater accumulated knowledge than the ability to process novel information. When situations are ill-defined, individuals use inductive reasoning by searching for patterns and using these to construct temporary schemata to fill gaps in understanding (Arthur, 1994) . Role ambiguity, by requiring the use of inductive reasoning, will therefore also draw on some fluid abilities (Ackerman, 2000; Reese, Lee, Cohen, & Puckett, 2001 ). However, the recognition of patterns and development of schemata will depend primarily on one's repertoire of relevant domain knowledge (i.e., crystallized abilities).). The second and third most common coping tactics for dealing with uncertainty were preempting-generating responses to possible negative outcomes-and weighing the pros and cons (Lipshitz & Strauss, 1997) , both of which benefit from crystallized knowledge of possible outcomes. Mayes and colleagues suggest that workers may interpret role ambiguity "as an opportunity to exercise discretion over what they do at work" (Mayes et al. 1991, p. 306) . However, it is unclear from their study why younger and older workers do not equally benefit from such discretion. We expand on this interpretation and suggest that by enabling workers to impose structure on ambiguous situations, greater crystallized abilities allow older workers to interpret role ambiguity as an opportunity for discretion. By using their knowledge of previously acceptable actions and outcomes to determine and accomplish role requirements, older workers will experience less strain when dealing with role ambiguity. In contrast, younger workers are likely to experience the lack of structure as frustrating-even paralyzing-rather than liberating because of their limited experience with similar situations. Additionally, owing to the lack of information available to incorporate into their developing knowledge-base, younger workers may be less able to rely on their fluid abilities when dealing with role ambiguity. As such, younger workers will experience greater strain when dealing with role ambiguity. Therefore;
Proposition 2: The relationship between role ambiguity and strain is weaker for older workers than for younger workers.
Role Conflict Definition and operationalization
Role conflict has been broadly defined as the degree of incongruity between expectations communicated by role senders to an individual (Miles & Perreault, 1976) . This definition extends to various types of role conflict (Kahn et al., 1964; Rizzo, House, & Lirtzman, 1970) , which include: incompatibility between an individual's values and role expectations (person-role conflict); conflicting expectations of multiple roles for the same individual (inter-role conflict); conflicting expectations of multiple role senders (inter-sender conflict) and conflicting expectations of a single role sender (intra-sender conflict).
There is also a variant of role conflict in the literature that resembles role overload: role conflict as the incompatibility between role expectations and an individual's time, resources, and capabilities (Rizzo et al., 1970) . While Rizzo and colleagues (1970) conceptualize role overload as a form of inter-role conflict, others view role overload as a form of inter-sender conflict (Kahn et al., 1964) . The inclusion of role overload in the definition of role conflict, however, emphasizes the stress associated with meeting one's role expectations, rather than the incompatibility between role expectations. We suggest that a definition comprising conflicting role requirements (inter-role, inter-sender, and intra-sender conflict) is the most commonly accepted definition, which captures the essence of role conflict: having to manage competing and incompatible representations and goals.
Past findings
Role conflict has been found to be significantly correlated with a variety of employee outcomes (see van Sell et al., 1981 for a review). The general consensus is that role conflict negatively affects employee well-being ( Jones, 1993) . Meta-analyses examining the relationships between role conflict and other variables find strong positive correlations between role conflict and psychological strain (r = .43); emotional exhaustion (r = .53); and depersonalization (r = .37) ( Jackson & Schuler, 1985; Lee & Ashforth, 1996) . Additionally, role conflict is positively and significantly related to measures of physical strain (Cooke & Rousseau, 1984) . Others, however, have argued that role conflict may be beneficial to employees. Some studies find that role conflict may increase flexibility, expand sources of information, confer energy, and stimulate creativity (Coelho, Augusto, & Lages, 2011; Jones, 1993; Tang & Chang, 2010) . The contradictory findings of both positive and negative outcomes may be attributed to the many aspects of role stress that have fallen under the umbrella of "role conflict" in past literature. Criticism of the most widely used measures of role conflict (Rizzo et al., 1970) for reflecting "feeling of general role stress" further highlights the issue of such inclusiveness ( Jones, 1993, p. 137) . Thus, the negative effects of role conflict found in Jackson and Schuler's (1985) meta-analysis may be due, at least partially, to the use of this measure in 85% of the included studies. Only one study, to our knowledge, examined the moderating effects of age on the relationship between role conflict and employee strain (Mayes et al., 1991) . In this study, the effects of role conflict on psychological strain were greater for older, relative to younger, workers, but no moderating effects were found on the relationship between role conflict and physiological strain. Others interpret these findings as evidence of age-related cognitive decline affecting workers' ability to balance multiple roles (Adams, DeArmond, Jex, & Webster, 2013) . However, the potential confounding of the measure used in this study with general role stress makes it difficult to draw conclusions.
Cognitive ability requirements
Role conflict resolution theory describes a hierarchy of four strategies considered by individuals facing incompatible role expectations: choice, solution, compromise, and avoidance ( Jones, 1993; Van de Vliert, 1981) . Individuals firstly attempt to conform to one set of expectations by weighing the legitimacy and attached sanctions (choice); if no clear choice emerges, individuals may try to alter the expectations in some way (solution); if this is not possible, individuals then resort to addressing select elements of each role (compromise) and finally to simply eschewing the roles entirely (avoidance). Though choice is the most frequent response to conflicting expectations (Van de Vliert, 1981 ), solution appears to be the most preferable in cases where no clear choice exists ( Jones, 1993) .
Individuals choose between alternative role expectations by weighing the legitimacy and predicted sanctions of each (Van de Vliert, 1981) , a process which benefits from crystallized knowledge of what each role expectation involves and the likely outcomes associated with its performance. Owing to greater experience in the workplace, it is very likely that older workers have a more extensive understanding of the implicit and explicit consequences of meeting either role expectation. As such, it is likely easier for older workers to exercise choice in response to perceived conflict. While examination of age differences in the management of role conflict is lacking, research examining the experience of goal conflict more broadly find that compared to younger adults, older adults more readily choose between conflicting goals (Riediger & Freund, 2008; Tomasik & Freund, 2015) . This ability has been attributed to their lifelong experience encountering and resolving intra-individual conflicts (Riediger & Freund, 2008) . Interestingly, findings also show that while prioritizing one goal over another is associated with increased perceptions of conflict during the exercise, it is negatively associated with retrospective assessment of conflict a day later (Tomasik & Freund, 2015) . The authors argue that in the immediate short term, individuals may find it difficult to disengage from the neglected goal. Overall, this suggests that individuals may experience more intense psychological costs when choosing between conflicting alternatives, but under-report the level of conflict when data are collected retrospectively. As such, their preference for and facility with prioritization may lead older workers to under-report perceived role conflict when it is experienced as choice. As role conflict tends to be measured as a general job characteristic (e.g., Rizzo et al., 1970) , existing research may not capture choice-based role conflict, and the associated advantage of older workers, as readily as it captures solution-based role conflict, which may be more ongoing owing to the need to derive more complex solutions.
In cases where no clear choice exists, resolving role conflict will draw to a greater extent on one's fluid, relative to crystallized, abilities. For example, Coelho and colleagues (2011, p. 34) suggest that workers may actively alter their "conceptual space" to develop novel combinations of ideas to address role conflict. Drawing novel inferences about the relationship between objects within one's conceptual space requires fluid intelligence. Additionally, role conflict exposes individuals to many sources of information ( Jones, 1993) . By increasing the sources of relevant information, and thus the amount of information itself, resolving conflicting expectations places additional demands on fluid abilities such as information processing and working memory. More generally, however, the execution of any of the aforementioned alternatives (choice, resolution, compromise, and avoidance) will necessitate the suppression of related, but no longer relevant, role elements. For example, in pursuing role requirement A rather than B (i.e., choice), individuals will have to suppress the competing representations and goal-relevant information associated with requirement B. However, research indicates that, at least in choice scenarios, difficulties with disengaging from the neglected alternative is lessened by temporal distance (Tomasik & Freund, 2015) . Nevertheless, the ability to intentionally suppress thoughts is related to greater fluid abilities (e.g., Brewin & Beaton, 2002; Burgess, Gray, Conway, & Braver, 2011) and this is likely more relevant in solution and compromise scenarios where both role representations remain active, though only some components may be relevant.
Crystallized abilities may ironically undermine the process of resolving solution-based role conflict. The expansive knowledge base which would otherwise facilitate rapid pattern recognition and retrieval of appropriate responses, especially in frequently encountered situations, may hinder an individuals' ability to adapt to new constraints (Betsch, Haberstroh, Glӧckner, Haar, & Fiedler, 2001; Dane, 2010) . Dane (2010) argues that experienced individuals, even once having recognized the need for adaptation, may struggle to modify their actions due to the stability of their previously learned responses from repeated use and validation over time. An expansive knowledge base might further limit an individuals' ability to adapt to role incompatibilities as empirical findings suggest that prior knowledge influences the acquisition and interpretation of new information (Betsch et al., 2001 ). Thus, greater crystallized intelligence is less adaptive for solution-based role conflict by encouraging use of past responses at the expense of adaptability.
Together these findings suggest an interesting pattern for the experience of role conflict over the lifespan. Firstly, greater crystallized abilities mean that older workers are better able to choose between competing alternatives, and thus may expect to be better off under choice-based role conflict. However, the act of prioritizing one set of role expectations over the other may lead older workers to under-report role conflict. Thus, when role conflict is "experienced," it likely captures solution-based role conflict, in which older workers are at a disadvantage. This is supported by meta-analytic findings from the goal conflict literature that while older adults report less conflict, they are more reactive to experiences of conflict relative to younger adults (Gray, Ozer, & Rosenthal, 2017) . Owing to their declining fluid abilities, older workers will experience greater difficulty in suppressing related but no longer relevant representations of competing role expectations. Findings from experimental research examining suppression deficits for nontarget responses (i.e., related but incorrect answers) demonstrate that relative to younger workers, older workers experience greater difficulty in suppressing previously relevant information (Hartman & Hasher, 1991; Healey, Hasher & Campbell, 2013) . Additionally, declining fluid abilities and greater crystallized abilities may mean that older workers experience further difficulties in modifying regularly enacted and repeatedly validated responses to role requirements. By impeding the use of these past approaches, older workers will experience greater stress when faced with conflicting role requirements. Alternatively, the relatively limited experience of younger workers, coupled with their greater access to fluid abilities for suppressing irrelevant information, information processing and reasoning, will facilitate adaptive responses to role incompatibility. The increased source of information may also be interpreted by younger workers as a chance to further develop their knowledge regarding role requirements. As such, younger workers will experience less strain when dealing with solution-based role conflict.
Proposition 3a: The relationship between choice-based role conflict and strain is weaker for older workers than for younger workers.
Proposition 3b: The relationship between solution-based role conflict and strain is stronger for older workers than for younger workers.
Problem-Solving Demands Definition and operationalization
Problem-solving demands are defined as the extent to which an individual is required to diagnose and solve non-routine problems, generate novel solutions and prevent or recover from errors and has been linked to workplace creativity (Morgeson & Humphrey, 2006 , p. 1323 . Conceptually, problem-solving demands (emphasizing novelty and creativity in approach) are distinct from job complexity (which refers to the extent that jobs are complex, difficult to perform and require the use of expert knowledge and skill; Schmitt et al., 2012) . Operationally, however, there is some overlap. In the studies reviewed in this section, the scale developed by Jackson, Wall, Martin and Davids (1993;  and its extension by Wall, Jackson, & Mullarkey, 1995) was the most common measure of problem-solving demands. Of the items included, only one makes reference to the novel aspect of problem-solving (i.e., novelty of encountered problems) and none reference the creativity aspect. The remaining items, reflecting problem difficulty (1 item), lack of obviously correct solution (1 item), and use of expert knowledge (2 items) appear more consistent with the definition of job complexity. In summary, current measures of problemsolving demands involve two distinct facets: novelty and complexity.
As such, we distinguish between creative problem-solving and complex problem-solving, which respectively correspond to the dimensions of novelty and complexity. The distinction between creative and complex problem-solving demands also accounts for the different ways authors had interpreted "no obvious solution," a common item in measures of problem-solving demands. While some scholars (e.g., Morgeson & Humphrey, 2006) focus on the creative elements of problem-solving, arguing that the lack of obvious solutions suggests a need to "create" a new solution, others (e.g., Jackson et al., 1993) focus on the complex elements of problem-solving, arguing that the lack of obvious solutions suggests the availability of many possible solutions and thereby implying a need to diagnose and select the most appropriate one. Hence, creative problem-solving reflects the need to adapt or create solutions, while complex problem-solving reflects the importance of selecting a single, appropriate solution.
Past findings
Empirical research into the effects of problem-solving demands are limited and provide mixed results. To this end, problem-solving demands have been described as a "double-edged sword" for employee well-being (Schmitt et al., 2012) . Several studies indicate that problem-solving demands have a negative effect on well-being, demonstrating positive associations with psychological strain (Beehr, Glaser, Canali, & Wallwey, 2001 ), anxiety and depression (Holman & Wall, 2002) stress (Shultz et al., 2010b) and fatigue (Schmitt et al., 2012) , as well as negative associations with work-related well-being (Mansell & Brough, 2005) . Conversely, other studies demonstrate the positive effects of problem-solving demands with findings that problem-solving is positively related to creativity (Zhou, Hirst, & Shipton, 2012 ). There are also several studies which found no significant correlation between problem-solving demands and work well-being (Brough & Williams, 2007; Totterdell, Wood, & Wall, 2006) .
Cognitive ability requirements
Different types of problem-solving demands will necessitate the use of different cognitive abilities corresponding to the different processes by which these types of problems are solved. We therefore examine the role of age separately for creative problem-solving demands and complex problem-solving demands. Creative problem solving relies more on fluid abilities because it requires the development of novel approaches to new problems. Studies have shown that creativity is related to both fluid and crystallized intelligence (e.g., Batey, Chamorro-Premuzic & Furnham, 2009; Batey, Furnham & Safiullina, 2010) . However, many of these studies rely on fluency or sampledependent uniqueness-where responses are considered unique if no other or very few participants provide the same answer-as measures of creativity. These measures have been heavily criticized as being confounded, sample dependent (in the case of uniqueness), and essentially verbal fluency (in the case of fluency); these measurement issues are diminished when using judge's ratings of creativity (Nusbaum & Silvia, 2011) . In more methodologically rigorous studies using judge's ratings, creativity is positively related to fluid intelligence and unrelated to crystallized intelligence (Batey et al., 2010; Beaty & Silvia, 2012; Beaty, Silvia, Nusbaum, Jauk, & Benedek, 2014; Nusbaum & Silvia, 2011) .
These results are not surprising; there is a reason to believe that crystallized intelligence-as a source of previous solutions-may constrain creative problem-solving. For example, laboratory studies of creative thinking find that "direct retrieval" is an ineffective strategy in generating creative responses (Nusbaum & Silvia, 2011) . Outside laboratory studies, others find that managerial creativity was negatively related to familiarity with potential solutions (Ford & Gioia, 2000) and that the expansive knowledge of more experienced individuals constrains problem-solving when prior solutions are inappropriate (Wiley, 1998) . As prior knowledge influences what information is attended to and how it is interpreted, an extensive knowledge base can predispose more experienced individuals to respond to problems in familiar ways (Dane, 2010) and constrain their ability to develop novel solutions.
Older workers, owing to their expansive repertoire of experiences and past solutions, coupled with declining fluid intelligence, may have greater difficulty in adapting their thinking when problems require novel solutions. This premise is consistent with the line of research on functional fixedness. Numerous studies on functional fixedness show that people are unable to come up with atypical, creative uses of objects to solve a problem when they have previous experience with that object (Adamson, 1952; Duncker, 1945; German & Barrett, 2005; McCaffrey, 2012) . With age and experience, older workers may become "fixed" in how they perceive things in their environment, which may constrain creativity. Accordingly, research has found curvilinear relationships between age and creativity, with creative performance peaking in young to middle age (McCrae, Arenberg & Costa, 1987; Reese et al., 2001 ) while others find this relationship depends on external resources (Binnewies, Ohly, & Neissen, 2008) . Owing to constraints on fluid intelligence, older workers will likely experience greater strain when addressing creative problem-solving demands. Younger workers possess greater fluid intelligence and a less expansive knowledge base and should be better equipped to develop novel solutions to problems. Additionally, younger workers may perceive such creative problem-solving as an opportunity to further develop their skills and knowledge, and may therefore perceive creative problemsolving as less threatening. As such, younger workers will experience less strain when jobs require creative problem-solving.
Proposition 4a: The relationship between creative problem-solving demands and strain is stronger for older workers than for younger workers.
In contrast to creative problem-solving, complex problem-solving requires expert skills and knowledge, depending more on the use of crystallized intelligence in diagnosing the problem and selecting an appropriate solution. Greater experience and knowledge facilitate problem categorization which in turn activates additional knowledge that aids in the evaluation of alternative diagnoses and selection of an appropriate solution (Chi, Feltovich, & Glaser, 1981) . Therefore, selecting a single appropriate solution will depend more on crystallized intelligence. Empirical findings suggest that more experienced individuals use existing knowledge to better select and evaluate relevant information (Spence & Brucks, 1997) , integrate less salient problem features to generate alternative hypotheses (Mamede et al., 2010) , and produce fewer but more accurate solutions when dealing with complex, ambiguous problems (Arts, Gijselaers, & Boshuizen, 2006 ).
Owing to their expansive knowledge base, older workers are better able to draw on previous experience to diagnose and select appropriate solutions to problems. Older workers will therefore experience less strain when confronted with complex problems. Alternatively, younger workers, who have limited knowledge with which to structure problems, evaluate alternatives and select effective solutions, will experience greater strain when dealing with complex problems.
Proposition 4b:
The relationship between complex problemsolving demands and strain is weaker for older workers than for younger workers.
Monitoring Demands Definition and operationalization
Monitoring demands lack a well-articulated definition-often being described simply as "attentional demand" or "passive monitoring" (e.g., Wall, Corbett, Clegg, Jackson, & Martin, 1990) . Monitoring demands have been most frequently discussed in relation to the monitoring of automated systems (Bailey & Scerbo, 2007; Endsley, 1996; Endsley & Kaber, 1999; Jackson et al., 1993; Metzger & Parasuramm, 2001; Mumaw, Roth, Vicente, & Burns, 2000; Wall et al., 1990; Wall et al., 1995) . In automated systems, technology-rather than the operator-"actively selects data, transforms information, makes decisions, or controls processes" while operators monitor for system failures or unanticipated states (Bailey & Scerbo, 2007; Lee & See, 2004, p. 50) . Underlying much of this research are concerns of monitoring failure, highlighted by two observations-(a) that operators are ill-suited to monitor infrequent and unanticipated signals, particularly against complex backgrounds and (b) that operators tend to have less awareness of the actual state of the system under automation (Bailey & Scerbo, 2007) . Successful monitoring therefore depends on remaining alert and responding to relevant signals in the surrounding environment and maintaining awareness of system states. Monitoring demands can therefore be defined in terms of two related-and at times overlapping-components: vigilance demands and awareness demands. Vigilance demands refer to the extent to which individuals must identify and respond to signals in their environment. Vigilance requires individuals to maintain focused attention and remain alert to stimuli for prolonged time periods (Warm, Matthews, & Finomore, 2008) . Awareness demands refer to the extent to which individual must continuously comprehend and anticipate environmental states. Integral to this comprehension is the concept of "situation awareness"-defined broadly as the knowledge of current and projected future states of an open and dynamic system (Endsley, 1995; Sarter & Woods, 1991) . It is important to note that these sub-classifications do not represent a clean dichotomy of monitoring demands, in fact maintaining awareness depends on perceiving relevant environmental signals (Endsley 1995) ; however, these two components can vary substantially across monitoring tasks.
Occupations typical of automated systems (e.g., air traffic controllers) tend to have high vigilance and high awareness demands. Outside of this context, however, such co-occurrence is not required. One can have high vigilance demands without requiring much awareness (such as when scanning airport baggage). Alternatively, teachers can maintain constant awareness of their classroom without much demand for vigilance. Furthermore, context can modify these demands. The same teacher may experience higher vigilance demands outside the classroom, such as when acting as a crossing guard. As such, the degree of covariation among these two demands is task dependent.
Past findings
Empirical testing of the effects of monitoring demands on employee strain, though largely restricted to the manufacturing sector, offer fairly consistent findings. Appelbaum and Grigore (1997) conclude from their review of the literature that, in the manufacturing context, monitoring demands alone are not sufficient in predicting employee strain, rather their effects depend on the level of other factors such as social support or production responsibility. Within other work contexts, however, neither significant main nor interactive effects were detected in a mixed sample of public sector employees and dentists (Mansell & Brough, 2005) .
Cognitive ability requirements
Vigilance and awareness demands will necessitate the use of different cognitive abilities. Vigilance demands, in which individuals must identify and respond to key environmental signals, will primarily rely on fluid abilities because the detection of environmental signals requires selective attention, divided attention, and environmental search (e.g., Donald, 2008; Durso & Gronlund, 1999) . Since fluid abilities are required for sustained top-down attentional focus (Gazzaley & Nobre, 2012) , older workers may need to exert more effort to remain vigilant over an extended period of time. Older workers may therefore perceive vigilance demands as more taxing. Correspondingly, empirical findings suggest that older workers perceive greater increases in workload, relative to younger workers, when performing vigilance tasks (Bunce & Sisa, 2002) . Younger workers, who possess greater fluid abilities, are better able to detect relevant signals and will experience less strain when dealing with vigilance demands.
Proposition 5a: The relationship between vigilance demands
and strain is stronger for older workers than for younger workers.
As existing literature on monitoring demands is predominantly situated in automated systems research, much of what we understand about awareness demands is specific to this context. Current understanding of the cognitive abilities which underlie awareness demands therefore is virtually inseparable from the high degree of vigilance inherent in these kinds of occupation. Automated systems research highlights the role of information processing and working memory-as fluid abilities-in the construction and maintenance of situation representations (Bolstad & Hess, 2000; Sarter & Woods, 1991) . These abilities are critical in integrating and storing the vast amounts of data imposed by the complex visual arrays that are characteristic of automated systems. Extending monitoring demands beyond this narrow context, however, requires us to examine awareness demands independently of vigilance demands. Awareness demands, requiring ongoing comprehension and projection of current and future environmental states, will rely primarily on crystallized abilities. As such, although awareness draws on fluid abilities to suppress irrelevant information when scanning and constructing representations of the environment (Brewin & Beaton, 2002) , this process is aided by crystallized abilities in priming and directing attention towards relevant cues and away from irrelevant cues (Durso & Gronlund, 1999) . Prior knowledge and experience facilitate the interpretation of signals and comprehension of current environmental states through pattern recognition (Durso & Gronlund, 1999) . Additionally, one's accumulated knowledge is crucial for anticipating future states as it informs expectations (Blumschein, Hung, Jonassen, & Strobel, 2009 ). Crystallized abilities can further facilitate awareness by offsetting decrements in attentional resources. For example, accumulated experience and knowledge inform what is normal for one's environment, and conversely what is not normal, thereby facilitating problem detection (Klein & Hoffman, 1992) . Additionally, crystallized abilities allow for knowledge-driven environmental search which can further aid in the detection of relevant signals or may substitute for missed observations altogether (Durso & Gronlund, 1999) . Older workers, owing to greater crystallized abilities, will experience less strain when dealing with awareness demands. This is, however, contingent on the level of vigilance demands not exceeding their attentional resources. Younger workers, who possess less crystallized abilities, will feel less capable of interpreting environmental signals and projecting future states, despite adequate fluid abilities for detecting relevant environmental signals. Therefore, younger workers will experience greater strain when dealing with awareness demands.
Proposition 5b: The relationship between awareness demands
and strain is weaker for older workers than for younger workers.
DISCUSS ION
In this article, we have reviewed existing literature regarding the inter-relationships between cognitive job demands, wellbeing, and age. In doing so, we argue for the utility of a granular approach in examining age differences in the effect of cognitive demand on strain. By considering the trajectories of change in cognitive abilities over the lifespan as well as the varying cognitive requirements of common demands, we offer a theoretical framework that both accounts for current discrepancies in the existing literature and provides meaningful and testable propositions for future research. In relating specific cognitive demands to their required cognitive abilities, this review extends theorizing regarding the relationship between cognitive abilities, work and successful aging and the conditions in which knowledge and experience are beneficial or detrimental to work (Fisher et al., 2017) . Additionally, in reviewing literature on specific job demands, we have drawn attention to and clarified definitional and operationalization inconsistencies of common job demands and, where appropriate, proposed sub-classifications to bring greater clarity to future research. By broadly classifying demands based on the relative requirements placed on fluid and crystallized abilities, we are able to make specific propositions on whether the demand will become more or less stressful over the adult lifespan. Table 1 offers a summary of these theoretical inferences and the relevant findings supporting our propositions. Betsch et al., 1999 , 1998 Day & Lord, 1992 Klein & Hoffman, 1992 Giniger et al., 1983 Salthouse 1984 
Implications for Research and Practice
Conceptualizing demands as primarily relying on fluid or crystallized abilities highlights the need for future empirical research to use specific measures of demands when examining age differences. Past research suggests age differences are more likely to be detected when investigating specific demands (Haley et al., 2013; Mayes et al., 1991) , rather than broader measures (Korunka et al., 2009 ) which may capture demands for both fluid and crystallized abilities. The failure of broader measures to capture these differences is in line with suggestions that age-related changes in cognitive abilities may compensate one another and thus impede the detection of age differences . When testing these propositions, researchers should pay close attention to the operationalizations of job demands, especially where sub-classifications exist (e.g., creative vs. complex problem-solving demands). Our recommendation is consistent with the task-specific approach adopted by recent aging research in the areas of motivation and performance (Fisher et al., 2017; Stamov-Roßnagel & Biemann, 2012; Truxillo et al., 2012) . The confounding of physical and cognitive capabilities in previous studies combining blue and white-collar samples also highlights an important issue for future research. To make meaningful comparisons, task and job types must be held constant. For example, workers facing time pressure in construction and manufacturing jobs require vastly different abilities for effective coping compared to architects or teachers. Time pressure in the former likely translates to an emphasis on physical capacities for moving quickly or sensorimotor functioning with respect to reaction time, which declines with age (e.g., Falkenstein, Yordanova, & Kolev 2006) . In the latter, time pressure likely calls for the use of one's knowledge and skills to facilitate rapid comprehension and responsiveness (e.g., Klein & Hoffman, 1992) , which increases with age. Detecting consistent age differences therefore requires job type to be held constant.
Similarly, meaningful testing of the propositions presented here requires samples of workers in complex (i.e., work that is information intensive, diverse and uncertain ; Campbell, 1988) , knowledge-based work. This is because inclusion of simple tasks, even those found in knowledge work such as typing, data entry, or reading, rely less on cognitive abilities and more on sensorimotor functions, which decline with age (Bosman, 1993; Falkenstein et al., 2006) . Similarly, others suggest that complex work allows older workers to capitalize on their greater knowledge and skill while simpler work may require physical skills that decline with age (Truxillo et al., 2012; Zacher & Frese, 2011) . Findings that age is positively associated with performance in complex jobs but that older workers exhibit declining performance in simple jobs further illustrates this distinction (Avolio, Waldman, & McDanial, 1990 ). As such, inconsistent detection of age differences in previous studies may also be due to individuals reporting high cognitive demands (e.g., time pressure) for otherwise cognitively simple tasks.
Understanding age differences in the strain process also has substantial implications for our understanding of how workers use SOC strategies over the lifespan. As short-term experiences with demands are important for shaping subsequent coping resources, understanding age differences in which demands are likely to negatively affect these coping resources is important for identifying at-risk workers. For example, the continued investment of compensatory effort by older workers facing many demands that require fluid abilities may result in increasingly negative outcomes in terms of strain and failure to gain additional resources to cope with future demands (i.e., loss cycle; Hobfoll, 2002) . As the experience of strain is associated with greater perception and creation of demands in the future (Bakker & Demerouti, 2017) ; Demerouti, Bakker, & Bulters, 2004) , poor coping in the short-term may also enhance the experience of demands, in addition to reducing available resources. Understanding age differences in the effects of different cognitive demands, however, points to areas for optimizing resource allocation. By identifying for which demands the investment of effort is likely to yield positive outcomes, such as reducing strain or gaining a sense of mastery or recognition, workers can better allocate resources to maximize gains (Baltes, 1997) . This may be particularly relevant for older workers who, owing to increasing lossto-gains ratio, have fewer resources available for investment compared to younger workers (Freund, 2006) .
Conceptualizing demands as requiring either more fluid or more crystallized abilities also has important theoretical implications for other models of stress. For example, in the transactional model of stress, job demands may be appraised by workers as either "challenge" or "hindrance" stressors (LePine, Podsakoff, & LePine, 2005) . Whether a demand is perceived as a challenge or a hindrance, however, is somewhat ambiguous with calls for additional research in to the conditions under which each of these appraisals are likely to occur (Bakker & Demerouti, 2017) . According to our review, this appraisal may depend on employee age, especially with respect to cognitive demands. Older workers may appraise demands that permit the application of their accumulated knowledge, thereby fostering a sense of mastery, as challenging. Demands that limit the applicability of existing knowledge, however, may be appraised as hindering. For younger workers, demands that foster learning and growth, thereby expanding their accumulated knowledge and skills, may be appraised as challenging. Alternatively, demands that restrict the ability of younger workers to learn and develop their knowledge may be perceived as hindering. Authors have similarly argued that task variety is more beneficial to younger workers as it provides opportunities to develop knowledge and skills (Truxillo et al., 2012) . This view is supported by findings that task variety is associated with less burnout and turnover intentions (Zaniboni et al., 2013) and greater job satisfaction and work engagement for younger, compared to older, workers (Zaniboni, Truxillo, Fraccaroli, McCune, & Bertolino, 2014) . Similarly, skill variety, which permits older workers to apply their accumulated skills (Truxillo et al., 2012) , is associated with lower turnover intentions for older, compared to younger, workers (Zaniboni et al., 2013) .
Conceptualizing demands as requiring either more fluid or more crystallized abilities also has important practical implications for work design over the lifespan. In line with recent research underscoring the importance of taking a fit approach to successful aging at work (i.e., Fisher et al., 2017) , our review serves to highlight which workers, and under what conditions, are expected to be most susceptible to strain. These inferences may provide some guidance to organizations in designing jobs that maximize employees' abilities while minimizing the potential for strain, thereby allowing organizations to take a preventative approach to worker strain across the lifespan. For example, older workers may have greater scope for dealing with ambiguity but benefit from minimizing role senders. As such, our review suggests that as workers age they benefit less from explicit (and potentially conflicting) instructions. For younger workers, however, explicit instructions and opportunities to gather additional information are more important for coping with cognitive demands. By taking a preventative approach, organizations may be better able to prolong the working life of its older employees.
Our review also provides some guidance for how organizations may better design intervention programs to help workers cope with cognitive demands over the lifespan and prevent the onset of strain. Interventions that lessen reliance on crystallized abilities will be more beneficial to younger workers. For example, providing access to information regarding the legitimacy of role expectations and their possible sanctions will be beneficial in reducing strain for younger workers facing choice-based role conflict. Alternatively, interventions that lessen reliance on fluid abilities will be more beneficial to older workers. For example, designing monitoring work to limit information processing requirements will benefit older workers by allowing them to concentrate more on the comprehension and projection of system states as the crystallized components of monitoring.
Similarly, organizations should consider changes in cognitive abilities when designing training and development programs for workers of different ages. Younger workers will benefit more from training and development programs designed to build up crystallized abilities, such as domain-relevant knowledge, to deal with demands requiring crystallized abilities. This is consistent with findings from SOC research that, owing to their future-orientation, younger workers have a preference for achieving gains and accumulating resources (optimization; Freund 2006) . Alternatively, older workers will benefit more from training and development programs designed to compensate for declining fluid abilities, such as novel problem-solving, to deal with demands requiring fluid abilities. For example, Dane (2010) suggests that organizations encourage their members to participate in activities outside their domains of expertise to counteract the effects of extensive domain-knowledge on inflexibility in problem-solving, adaptation and creativity. This is consistent with findings from SOC research that, owing to their increasing loss-to-gains ration, older workers have a preference for maintaining resources and avoiding losses (compensation; Freund 2006) .
Future Research Directions
This article delineates age differences in the effects of cognitive demands on workers prior to any mobilization of job resources to ameliorate job demands (Demerouti et al., 2001 ). In the short term, resources may not be easily obtained and even then may take time to become effective. For example, deadlines may be difficult to extend in the presence of time pressure and, since scheduling new deadlines requires planning, the benefits may take time to be realized. In the long term, however, resources may enable workers to compensate for age-related deficiencies in cognitive abilities. This adaptation process may affect the strength of the relationships proposed in this article. For example, job control-which allows individuals to exercise control in regards to work pace, methods and utilization of skills in accomplishing work tasks-may enable older workers to better apply their crystallized abilities (Zaniboni, Truxillo, Rineer, Bodner, Hammer, & Krainer, 2016) . In support, prior research indicates that job control is more beneficial in reducing the effects of cognitive demands on stress for older workers, compared to younger workers (Shultz et al., 2010b) .
A natural extension of this framework, therefore, would be to consider how the availability of job resources influence age differences in the job demands-strain relationship.
Our review has focused on the facilitating and impeding effects of cognitive abilities in coping with cognitive demands. Others, however, highlight that exposure to cognitive demands can in turn have consequences for cognitive functioning: both detrimental and salutary (for review see Fisher et al., 2017) . A number of studies examine the protective effects of cognitively complex work on cognitive functioning (e.g., Fisher et al., 2014; Finkel, Andel, Gatz, & Pedersen, 2009; Potter, Helms, & Plassman, 2008) . Consistent with the cognitive reserve hypothesis, engaging in cognitively demanding work is associated with enhanced cognitive performance (Potter et al., 2008) and slower rates of cognitive decline in retirement (Fisher et al., 2014) . Other findings are more consistent with the concept of differential preservation where cognition depends on the individuals' current mental activity (Finkel et al., 2009) . In this study, engaging in cognitively demanding work was associated with enhanced cognitive performance before retirement, but faster decline following retirement. Fisher and colleagues (2014) further note that the positive effects of cognitive demands may be undermined by its potential to act as a stressor.
Research indicates, however, that it is not the demands themselves that contribute to poorer cognitive functioning, but rather the experience of strain (Andel et al., 2015) . In a recent review, Fisher and colleagues (2017) describe both direct (cognitive interference) and indirect (health impairment) mechanisms through which job strain can negatively impact cognitive functioning. Our review furthers this discussion by identifying which demands are likely to yield greater strain for older workers and thus more detrimental effects on their cognitive functioning. Whether a demand requires fluid or crystallized abilities-and the subsequent variation in strain for older workersmay influence the strength of the protective and detrimental effects of cognitively demanding work. Future research should therefore consider how demands requiring fluid abilities influence the magnitude of these detrimental or salutary consequences and the direction of the cumulative effect on cognitive functioning in later life. Furthermore, as jobs may contain multiple cognitive elements which frequently operate in conjunction, future research should also consider how the combined effects of cognitive demands may contribute to the strain and cognitive functioning of older workers.
A key limitation of our theorizing is that we do not distinguish between types of strain in developing our propositions. Currently, the literature examining the cognitive demand-strain relationship is not developed to the extent that meaningful propositions can be made on how specific demands relate to specific forms of strain. Though the literature examines a wide array of strain outcomes, there is little systematic investigation of how these are differentially affected by various demands. Furthermore, the grouping of multiple cognitive demands together into general measures of job demands (e.g., Mansell & Brough, 2005; Mansell, Brough, & Cole, 2006) in examining different strain outcomes also impedes our ability to make inferences regarding specific demand-strain relationships. We therefore recommend that future research take a more systematic approach by utilizing specific, rather than general, measures of demands and focusing on specific forms of strain to consistently build knowledge in this area and develop insights on how various cognitive demands influence specific types of strain.
Finally, conceptualizing demands as requiring fluid or crystallized abilities has important implications not only for retaining older workers but also for their re-employment and transition out of the workforce such as through bridge employment (Wang & Shultz, 2010) . Bridge employment tasks, especially those in another field to one's career, are likely novel for the worker . As such, the applicability of employees' crystallized abilities may be restricted. Future research should consider how these demands may shape workers' decisions to engage in either career or an alternative field for bridge employment, and the consequences for their wellbeing.
Evidently, conceptualizing job demands in terms of their primary cognitive abilities is of considerable practical and theoretical utility. Beyond bringing a sense of coherence to the existing body of literature, this approach has highlighted additional avenues of research necessary for clarifying the conditions under which age differences can be expected to occur. Ultimately, such investigation will have important practical implications for how jobs are designed across the lifespan as well as how stress intervention programs should be targeted.
